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Abstract

Production of biodiesel with heterogeneous catalyst is an environmental benign process. This is because heterogeneous
catalysts are normally low soluble in alcohol and it could be separated from biodiesel for regenerating and reusing. Furthermore,
this process does not require any post treatment such as neutralized unit and wastewater treatment unit. As a result, both unit
operation and processes are less complex and the cost of production could be reduced. Recently, researchers turns their attention
to solid-based catalyst, specifically in calcium oxide, instead of liquid-based catalyst. This is because the sources of solid-based
catalysts are possibly synthesis from natural materials and also from industrial wastes. In addition, base-strength of calcium oxide
is quite high comparing to other alkaline earth oxides and high yield of biodiesel (80-989%) is normally obtained. However,

reaction rate of solid-based catalyst is lower than liquid-based catalyst. Thus, this review article is focused on improving of
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catalyst efficiency by synthesis methods in order to obtained curial properties of calcium oxide such as high specific surface area,

high base strength and also small particle size.

Keywords: Biodiesel, Catalyst, Calcium Oxide, Synthesis, Characterization
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Property Test method ASTM D975 (Petrodiesel) ASTM D6751 (biodiesel, B100)
Flash point D 93 325 K min 403 K

Water and sediment D 2709 0.05 max %vol 0.05 max %vol
Kinematic viscosity (at 313 K) D 445 1.3-4.1 mm®/s 1.9-6.0 mm®/s
Sulfated ash D 874 - 0.02 max %wt
Ash D 482 0.01 max %wt =

Sulfur D 5453 0.05 max %wt P

Sulfur D 26227129 = 0.05 max %wt
Copper strip corrosion D130 No. 3 max No. 3 max
Cetane number D 613 40 min 47 min
Aromaticity D 1319 35 max %vol =

Carbon residue D 4530 - 0.05 max %mass
Carbon residue D 524 0.35 max %mass -

Distillation temp (90% volume D 1160 555 K min-611 K max -

recycle)
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31J°?i 1 ausaulumsudalulada (Boro, et al., 2012, pp. 904-910)
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H,C-=—=COO=—R! - L —0H
) Catalyst §H;—CO0—RI ”-’i
HC —=COO0—=R2 " 3CH.OHh=—">= CH,=—CO0O—R2 Hi' ——OH
CHy=—COO—R3#" H,('=—=0H
Hl —C00—R3
Triglyceride Methanel Fatty acid methylester Glyeerol
(a)
More generally.
e . : : Catalyst < ;
Iriglycerides ' #+CH3OH ——== Diglycerides RICOOCH,
Catalyst
Diglycerides + CH;0H — Monoglycerides “++" R2COOCH,
s Catalyst
Monoglycerides + CH;OH Glveerine R3COOCH-

Where, R1LR2, and R3 are the alkyl group

(b)

Ui 3 (a) Ugasennunnudieamaiilindu (b) Uinsendasszwhuhduiizvialuiunuuaanaaad (Boro, et al., 2012,

pp- 904-910)
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Towzdan 1oyl (Alkaline Metal Oxides) SINDIHAN
mnwamﬁﬂqmmmﬁu (Waste Materials) Wudu
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catalyst

Homogeneous catalyst

Boron group based

Base
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Base heterogeneous '—u

Catalyst

Enzyme based catalyst
Heterogeneous catalyst

Transition metal oxides
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Catalyst)
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asaWealwSn (Phosphoric Acid) n3nlalasnaasn
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uana lilusaau wazlusaauazitnluvirliiae
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m ROH + B ==——== R,0" + BH
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o o
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P
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(®)

R, W88 Alkyl group of the alcohol
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nudeamasi- ndulasldaisaljAseniiowus (Chouhan, & Sarma, 2011, pp. 4378-4399)

CH;
|
T 0
M- | A l\l/16+
Lewis Acid Bronsted Base

(cleetron acceptor) (proton acceptor)

s 6 ailfiialassaswaslansaanlad (Hattori, 2004, pp. 67-81)
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S £ 1 aaa an 01
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2009, pp. 1554-
1562) U4 U021y a89(Kouzu, ct al., 2008, pp.

TodoroviA, LaziA, & Skala,

2798-2806) 11357u91nUAEHN (Buasri, Chaiyut,
Loryuenyong, Wongweang, & Khamsrisuk, 2013,
pp- 7-13;
Yoosuk, & Faungnawakij, 2010, pp. 3765-3767)
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(Basic Strength) l¥inananluledizadosas 93-99
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NeUNFLeatdannavIn gl de 11 seu %
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nndnalitiaufisennudedmasilindulal
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FUNDUANIUABD (Boro, et al., 2012, pp. 904-910)

Ui 1: (Waldin Ca0 a3lu CH,OH 1/ lidansuan@I2ae CaO uae CH,OH aeaumsn (1) uaz (2)

CaO -—> SR (D)
O” + CH,0H -=> OH + CH,O’ (2)
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OH™ + CH,0H --> H;0 + CH,0 (3)
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o Y a o . < o X =l = 3| a 4 = 4
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(Methyl Ester ‘and Diglyceride) GIMWN.7
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| l
R—0-C—R: Ry O € — Ry Diglyceride
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CH:0'! OCH:

(Teterahedral intermediate)
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Fuanzidlalos (1) meiufasenesaseiiiil  wealad Talalud wualiezdeauaziinluwnls

waaFenlussdlsznau vinhlul¥anudoui
qmwgﬁgﬁ (Lu, Reddy, & Smirniotis, 2006) L%
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100-325 Mesh (0.044-0.149 §adLNaT) NN
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Wsnfiumsenlifiansimaasugluasiag
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(TGA) (MW 8) wazItAsIzWAIY Powder X-ray
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CaO(s) + CO,(g) AH = -178 kJ/mol (4)

Diffraction (PXRD) Lilafinsanuaznanaaadan
Tafiehunisten (mwil 9) wuh CaCO, nnlaan
vaswasidanladaazdsusylifiu cao
figaunafl 1,000 °C 2uld wldanldliesdausy
Tl ca0 figaivgii 800 °Cauly uananild
wuszazammITaENie 2 9lue drunisli
anadausudanldi soo °c lugnmmameind
sumsliensdoulusnnsiliusalulasay wuih
Slﬁwa“lum'itﬂﬁ'ﬂugﬂmﬂ €aCo, 1Y u CaO
lauaneenu (Witoon, 2012, pp. 3291-3298)

sl 8  NTNNANITIASIMNATIANINANNTEY TG and Derivative-TG (a) Waanld (b) noeud3 uaz.(c) Noaadume

(Viriya-empikul, et al., 2012, pp. 239-244)
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3uUii 9 N9 XRD udavdnsaznanzeatdenlalifchunmsienldenudeunammgiicneg iu (Wei, Xu, & Li, 2009)

Tassavasdanldlifisiudsznatiahdnie
NANLAS LBV 2DIuAa LT NAISUBLUG (Calcium
Carbonate Calcite) wazansdunsgunagidniias Tu
Lﬂﬁaﬂlﬂﬂsznauﬁ’sﬂﬁy’uuuumsu (Shell Membrane)
Fadulnalalusiu (Glycoprotein), AANIAIE gemn
ugniiimeananwasnnaansath luususmwuaz1#
°11muqmmwnssuméa«hmﬂé’ msusniailaan
Tdanwsarlalasusildenldlugisazaranaasu

wIaludsazalense %ﬁﬂﬁtﬁatﬂﬁaﬂlﬁwqmaan
Nnwden nnvuIvhmsueniedenlyllsom
famui10 mnbidasmsidatdenlaldldny ms
wnlvianudeuiiaumniigenty 600 °Cazhlvida
Wianliaead lidwwanssnudeanuuanoas
Ca0 A 99n15HAN (Oliveira, Benelli, & Amante,
2013, pp. 42-47)

110 /‘ 7""’
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! S
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reuee
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dry I8rC

mill

——
105310 ¢ C‘_'“ 0s)

it

’ — 4;" membeace for

4.391

sufi 10 nsswiumsuendiandanliaanniniudanld (Oloveira, et al., 2013, pp. 42-47)
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aumeanfiznadn dgusenuualifigunsilagunse

wilifigaay ingunsaniduanvazamaauiuanie
adevia Wudu

suf 11 mwedie SEM zesuaadenaanladndaanzvianinudanld masweny 5,000 1 (Mosaddegh, & Hassankhani,

2014, pp. 351-356)

Tudrumanuussud (Basic Strength) 9710013
Jaseiaas CO,-Temperature Program Desorption
(TPD) wirhmaunfFanlafigamgiigend 700 °C
s Wileadesesnladiiduensildiauusuuags
(mwﬁ 12 n) (Khemthong, etal., 2012, pp. 112-
116) vaefiiisanumsisenudanlaienls
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N’lnﬁﬁlﬂ (AW 12 %) (Viriya-empikul, et al.,
2012, pp. 239-244)
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anuhlunmsdnidjaseresdiuaade
aanlzeiuuenaINILinNNANNLSILUELE Safia
nniuiieeweadensanlades Taadlaiudiin
ypaunadennanlodiisduiumsiiaiuilums
Fudatumsnsgululfnser mlddadfase
1¢6du anes1ed 3 wuhenumowisuaien
11229 0.03-0.20 mmol/g dutuiiiwasunaFo
panladsialugig 1-19 m*/g Amsanwleenisi
weaidenaanldafiuan ldnniugulilundaidond
filohwamagwurh nlviindhluvhu jaseniifnnas
waadanhalutaadealansenlod duavi vy
fdiiaanngu udiiisth lulEdusssfasemuh
Wuanaaluladiwaiesniuaaidansanlad nail
Lf‘immnﬁwﬁmﬁﬁ%mﬁ"‘uu%nmt,sfq (Active Site) X
Qz1iuleann Basic Site Density anadaanalvinnuh
Tun1s¥i1UfaSena0ae (Kouza, et al., 2008, pp.
2798-2806) dealsNarnisngiunsive
(Yoosuk, Udomsap,” Puttasawat, & Krasae,” 2010,
pp: 135-141) wudmdsnmuaadonaenladd
wae L nAudunswang (Reflux) Tugh nniiuh
waadaalansanladdlaluwnit 600 °C wuhiui
fisannduan 124 Ty 25 m¥e fAnavhliies
arlumsliwanaaluladigeanindiunhdugauann
Sanaz 75 (udenar 93.9 AvdanadasnumsIve
284 Granados (et al.; 2007, pp. 817-326) WU
dohueaienaanladilsaslidudafuaineid
e 20 1 Wnssaulaslianadand 700 °c
dawalAudiiwady Ty 54 m’/e wazliianaz
wonde luladmageimBudonas o4 Miliiesain
waaFeulansenladiiannidhyidfnseniin
yoauaadenaan lgamliiamsanGaealatanga
Hulaseadalua (Self-Assembly) tiashluliana
Sourn W ldunsegwaulvaded Hufidauniu
sauzidendudedanalianuusuuaingasude
(Granados, et al., 2007, pp. 317-326; Yoosuk,
et al., 2010, pp. 135-141; Bai, Shen, Liu, & Liu,
2009, pp. s674-5677) ludruuaaiFenasnlydd
Fuanzdnnudenlddlionluudeluledwanut

]

T3aeazupanandnnaninlsuaaldanaanlydn

Fuansinnildennesweiuacresnsy ﬁ%‘ﬁ@'ﬁﬂ
aqﬂiuﬁmmnnwﬁmaL%ﬂuaaﬂléﬁﬁﬁé'qmswﬁmn
Wasnladfuiarmnniiliianullunis
UfAsengend vennniifafinamsiselumsh cao
waz MgO 2WABUMATTAUIIULNGS ﬁuﬁﬁagmiw
80 m*zg Fudumsiadimemadnldlunmsnaans
uanluladuwanuilvinandngededosaz 98 waz
Tszaznarlunm sl fasennudieamasiliadu
Satudo thav Az ldanysallunaUszana 30
9 %Lﬁuléﬁmaﬂmnﬁuﬁﬁaﬁngﬁwaﬁﬂﬁﬁgm
elumarufAsendfiaau aineoymeszaunty
wasevh laisel §Agen N owuUs NN azNIE a6
Iaalumhifuuazuaansgadin WiiaUfiselaasu
(Zhu, Wu, & Wang, 2011, pp. 512-518; Wang,
et al., 2007, pp: 328-333)
aziuleTatendniiinacdauseansninuas
FisalAfsmuuuTiswusiutugudn BRI
Ufnsen 2 dsemavian (Mwil 13) @8 AMAN M
ML 15U @NNUILUE (Basic strength) UL DU
(Active Site) (@Huau FnUszmsuilafe AN M
MANIEAIN U Bue gUde RuRd udy
NUIAENUMTUTUU NS HUENNANYBIA I
U§n3en2ae-Ca0 hn wuludrunmsamuanamn g
aaemsliauan 800 °C #vasli ca0 FuSin
Lﬁlﬂﬁﬁﬂ’nmﬂuLUHTG]EI‘DNLWNQQ%H (Total Basic
Site)- MIFUNSLRN AN UFUDI Ca0 WUTTn
lea 1) mah liBugy (Impregnation) AuasLAdl
(%14 Trimethylchlorosilane (TMCS) ms;ﬁuzjuﬁﬁﬂﬁ
aasvifnsendenuhluiginsiusnsesmsudalule
e ipearnuan daeidntdesiinaduly
AszvUMsHaaanazEn lUhU§Asennuaiise uay
i lUfuamwisilasTianuiauiigunni
g9 MsfBuduiinasaaad lidussfasend
anuhanmaann 2) Mmsth Ca0 duanzinsels
$anfulansdu Wy CaO/Li Ca0-7r0, Wudu &
s lddussfseniidanuluiindy adrlsd
mmﬁ%miﬁﬁﬂﬁﬁunumiwamENﬁ)t%qﬂﬁﬁ%m
qqﬁuﬁm (Liu, et al., 2019, pp. 466-471)
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M3N7 3 AaENBaaNi NI TeuaIEM AT

AMANYE
Eﬂ’llmﬁ”ldﬂﬂf]ﬁ%m/ Surface Basic Basic Site Calcination Temperature Calcination
v kY wad 2 . .
unai lglumsdunsizd  Area(m?/g) Strength (H_) Density (°C) and Time (h) Environment
(mmol/g)
CaCO, n¥iuYY 10 7.2<H_<9.3 0 - -
” 5 ry " ;
A andau 900°C 1.5 e ¥ CaO Hildluldlu
Ca(OH), ¥’ 16 9.3<H_<15.0 0.10 e Aa ¥
Fiaauniianuu
Ca0  Mniiuyw 13 15.0<H <18.4 0.12 Anndau 900°C 1.5 alag . UiadidEan
= 5 ) Y — I
. - ANN3a1 900°C 1.5 Talalg  UNTEWEN Waz) CaO 1
CaO-Air niuyy* 13 9.3<H_<15.0 0.03 PR
Taluine 3T aueiaame
waanlduiie 0.05 - - g -
Ca0 Madanla’ 13.45 - - anngau 900°C 1 $lag THudalulasiau
Ca0 NN CaCOy 19.04 - - anugau 900 °C 1 #lug Tudalulosau
Ca0 Nnuaanly 1.1 0.176 anugau 800°C 4 91Txq Tdame
Ca0 Ldanviaevios ey’ 0.9 - 0.207 ANudan 800°C 4 9l 1o
Ca0 \Waanviesaau’ 0.9 i 0.172 ANZau 800°C 4 Hlan Tgome
Ca0 Mawdanlad 3.72 & 5 annZay 900°C 2.5 sl W
Ca0 210 CaCO,’ 3.00 L c aagau 900°C 1 $lng THaime
N val#iling was 11 um 1% ldame
Ca0 Mniaanle 8.01 - i o .
anudau 900°C 1 Hlug
B val#imng @de 23 um 1% ldame
Ca0 Mndanlie 3.54 - = J 2 E
aNu3au 900°C 1 #hlug
val#iimne wag 26 um 1% ldeme
Ca0 9N CaCO,° 1.73 - - " a B
anaFau 900°C 1 #alug
Ca0 MNnufaanla’ 1.00 L - Taugau 800°C 4 3lug | oM
Ca0 A1 CaCO4* 5.09 - - Tanuday 800°C 2 3l Tdanme
CaO ‘nAuYu’ 0.4 H_<7.2 - anidau 800°C 3 Halag Tamea
o | anw3au 800°C 3 9l 1H 1deame
Ca(OH), ,niiwju 12.4 12.2 <H <15.0 - il i
Ca0 Reflux /111 60°C %2l
a3au 800°C 32l lifme
CaO ALY 25 12.2< H.<15.0 - 117 Ca0 Reflux U101 60°C
%l udalviemasaun 600°C
Ca0  duFag’ 2.1 9.8<H <12.2 - - -
(@I3842I0 Na,CO, Uas CaCl,  lHame
Microsphere CaO' 5 v o
5.3 = - Tiaudau 1000°C 2

2110 4-8 [im P
#la

Nano CaO a“ﬁagﬂ j
85 - - - -
2UIN 45 nm

“(Kouzu, et al., 2008, pp. 2798-2806), *(Witoon, 2012, pp. 3291-3298), °(Viriya-empikul, et al., 2012, pp. 239-244), ‘(Niju, et
al., 201 4, pp. 1-7), °(Oloveira, et al., 2013, pp. 42-47), '(Mosaddegh, & Hassankhani, 2014, pp. 351-356), *(Kose, & KlvanC,
2011, pp. 34-39), "(Yoosuk, et al., 2010, pp. 3784-3786), '(Bai, et al., 2009, pp. s674-s677), '(Zhu, et al., 2011, pp. 512-518)
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[ Properties of heterogeneous catalyst

J
{ Chemical J‘J—’t Physical J

™~ ™

[ = Acidic/basic properties Size
= Hydrophobic/hydrophilic character
* Calcination temperature

® Leaching/reusability

Shape
= Pore structure
* Surface area
® Mechanical strength

o Y y
oy

-
( Affect the FAME yield and
productivity, separation process
and process life/stability of
catalysts

I il i v
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Tuwes waziiiufiinlugae 70-300 m2/g azdiuld
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Tga-138 AAugaen FudaunarstunsuLas
szaznanlumsaaaNsiuy Jagiuiedelimane
Tumswaunnldluningaarnnssy (Xu, Xie,
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